A Climate-Resilient Modular System Integrating Water Infrastructure
and Earthen Construction in Mediterranean Coastal Settlements

Towards a resilient mediterannean future

Almeria case
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How can a place-responsive modular architectural sys-
tem, grounded in earthen materiality and layered system
design, enhance climate resilience in Mediterranean
coastal settlements facing water scarcity and wildfire
risk?
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challenges

wildfire

risk

3. Moulded and
Compressed Earth Block
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7. Lig%t Earth Plaster

Locally sourced
materials

freshwater
scarcity

Sea water desalination-
purification
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climate resilient machine

“‘a house is a machine for living”
Le Corbusier
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methodology
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methodology

problem
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Material study

Architectural Engineering Studio

Earthen
Materials Structural Fire Moisture Thermal Construction Optimization Main
capacity behaviour resistance performance logic Potential Limitations
Adobe
Cob block
Compressed Very high — lime/ Requires
earth blocks BN || Noncombustible | NN | | NN | Industrialized pozzolans improve mechanical
High thermal mass masonry strength & durability pressing
Very high — lime/ Construction skKill
Rammed BEEEEEEEEE | Non-combustble | NSNS | | IS | Formwork-based pozzolans enhance and formwork
earth Very high thermal resistance needed
mass
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Material optimization for different
applications of rammed earth

Molding and

compressing /’—\ A

Rammed earth
masonry

v
Optimized \
more coherent N
moisture resistant g \
\ | .

C80

OREREE

— N

Lime (Calcium Oxide (CaCO3))
Silicon Dioxide

S led and placed back
Return to the earth to the ground
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Common characteristics of potential sites
Problems and materiality

Portugal Spain Greece

Drought risk

Wildfire risk Drought risk
Wildfire risk Wildfire risk

Aspect
Climate Hotter summers, Extreme heat, Heat waves, drought

drought desertification
Water Seasonal scarcity Structural scarcity Increasing scarcity
stress
Wildfire risk Very high Very high Very high
Material Clay, lime, pozzolana Clay, adobe, lime Clay, pozzolana
tradition
Settlement Coastal + rural Coastal + inland Coastal + island
pattern
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Gibraltar
Wildfire risk
Aspect
Climate Extreme heat, desertification

Water stress Structural scarcity

Wildfire risk Very high

Material Clay, adobe, lime
tradition

Settlement Coastal + inland
pattern
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Case study of the research Cabo da Gata
Almeria, Spain Almeria
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Wildfire risk Very high

Material Clay, adobe, lime
tradition

Settlement Coastal + inland . A
pattern I

Georgia Anagnostaki | 6297757



A3 Presentation

Program

MIXED USERS
@ families - elderly - workers

a diverage community
living and working togather

y Excavation of site

r
noks pOp .

Excavation of site

1 / PROGRAM DIAGRAM

a setttlement that integrates living,
community, research and production tu siixa
resillence and shared futures

) . 7/ T ' - \\b Y
ACCOMMODATION 'f g = | .. COMMUNITY
housing clusters / 3 e - 11 2B\ N shared spaces
private rooms ] /l X """‘"'ﬁ :jib\\ . kitchen - apiing - lounge-
shared courtyards . i 3 COMMON COURTYARD . .5¢%x. | | learning - chiidcare
[ Elmed i i P | [P
L 52 social thatt waten ait shade [ RN : -
| e g Z e, | .\,/
AGRICULTURE & \ S ey o GRS = xg, | I o 0™
FOOD PRODUCTION = : 1%// |/ MATERIAL RESEARCH
orchards - greenhouses \ , R =, Y S LAB & HUB
compost - food labs U i e U AT . ) L
e + // s’ material testing - fabrication

prototyping - knowledge exchange

WORK & PRODUCTION S
coworking - studios - makerspace
local crafts - small-scale production

WATER & INFRASTRUCTURE
desalination - storage - filtration
irigation - grey water reuse

ability of a community to
produce, maintain, adapt, and
repair its own built environment
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what already exists there?
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Andalusian landscape
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Vernacular architecture

Type 1 — Compact Cortijos

ebest thermal comfort | stable int. temperature Type 2 —
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Resilience of the past

Passive cooling principles

Buffer zones- shadings

Wind catcher

e

Heat exchange through
ventilation n'evaporation

Orientation

Courtyards| water bodies| cross ventilation

- kg |

Thermal mass

L3

VA%
VA%
VA%

g
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For whom is it
designed and built?
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Existing condition

Architectural Engineering Studio

Almeria’s Greenhouses
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Site analysis

Top soil

Ground materiality

Aeolian sand

Beach’sands.&
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Placement - orientation on the site Zoom in | Cluster placement

N

Rotation of the cluster baée_d on
the new axis

Enclosed system- layout with
paths jand gaps that take

advantage of the prevailing winds

of thesite- -
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Program | Uses distribution
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Architectural Engineering Studio

timber ring beam

timber

rotation of units can allow the attach-
ment of spaces through the openings

the result of walls an/oﬁp\enings

the connection between units

Prefabrication- design possibilities | Modularity

Li
[

Modularity | Expandability
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Type A_75 m2 I O L

Type B_57 m2

Type C_45 m2

Architectural Engineering Studio

Type D_50 m2

Type E_45 m2
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Hybrid water system
Solar- SWRO desalination

| SeAwATER

TANK

WETT

e SympP WATER

= SoLAR P WATER

Architectural Engineering Studio

Daily needs per residence 4 x 10 = 20 L/d critical need

200 L/d/r 4 x 40 = 160 L/d support
from central network

Daily needs per cluster

x
{common) |

e

1,600 L/d/C__ 32 x10 =320 L/d
- JET{’ =1.6m3 | 4, 40-12801/d
£C - Passive solar ——320 /4 = 80m2 active surface of solar stills
5 stils daily  Safety: 100m2 of solar stills per cluster
el o) capacity Fresh water tank : 1-2 m3
________‘{) 4 L/m2/d Sea water tank: 2 m3
- 8 water tank brine
; product tank buffer network tank
b CIP 24.5 - 30 M3

of tanks
Settlement level

CTRID 8x 1.6= [SOLAR 120 x 10 =1,200 L/d=1.2m3/d
(G 12.8m3 /d{SWRO 120 x 40 =4,800 L/d=4.8 m3/d
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Integrated Rainwater Management System

-
1. Rainwater Collection from Butterfly Roof

Rainwater is collected
from the butterfly roof into
a central gutter and direct-
ed through a downpipe to
the first filtration stage.

Architectural Engineering Studio

3. Treatment & Filtration

-
2. Rainwater Collection from Trees & Landscape

*<*_ | Rainfall is intercepted by
~.2-1 tree canopies and falls to
::”h the ground. It is naturally
" | filtered through soil, roots,
and planting layers. The
water is directed towards
bioswales and infiltration

zZones.

Collected water is directed
to a series of natural and
mechanical filtration stag-
es: gravel & rock layers,
bioretention with plants,
and optional UV or sand
filtration.

Clean water is stored in
tanks for later use.

( 4. Water Reuse Back to the Building

Filtered water is pumped
back for non-potable uses
such as: toilet flushing, ir-
rigation, cleaning, cooling
systems.

Excess water is used for
landscape irrigation or re-
charged to the ground.
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residential mody

shaped re
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Central water tank of the residence

e D5 iintniuieie b 1D.Axo02 22. Reinforced lime trass
! ! ' 23. Rammed earth wall of 60cm
: = \ ' 24, Cork insulation 10cm
: r - STt : 25. Plinth opening frame- beam
1 Breathable Mesh for bird/ ani- 3| ! {11576 D1 /] 26-1 Clay board and finish clay plaster
mal protection : [ § 2; em R.e. floor
2. Timber 180 x 300 — = : ! . 58, Vamor membrane
3. Timber plank 40 x 500 i | | EEE— : / . por mem
; B \ | 5 9. Cork insulation
4. Curtain metal frame ‘ e ! | 3t ' 30 LC3 slab
|5_>- " Wooden window frame — sky- ; A'TL - | I — i / / 31. Damp-proof membrane
[o] by 11 ! ' . .
6.  Timber ring beam 180 x 300 e 12 B D2 ° ﬁa protsegir;i«smk» forwater collection
1
g: ﬁmig‘;'zheathmg Somm e i5 . 33 Finishing with 3% inclination
Waterproofing membrane S =t Sfl. Stone foundation with lime based
9. Purlins SIS binder
10. Timber beam ey
11. 0SB i
12. Joists + Cork insulation 10 cm jor
13.  Timber beam L
14. Wooden frame to level ceiling e
joists 3cm iR
Clay board and finish clay plas- “T‘l”
ter 3+1 cm P
15. Pozzolan opt. s.r.e. column &8k T
500x 500 —= =
16. Ventilation pipe —
17. Clay finishing ST
18.  Joists 80 x100 i
19. Preb s.r.e board S
20.  Timber beam 200 x 300 Lt
21. Wooden frame to level ceiling ]
joists 3cm e
Clay board and finish clay plaster 3+1 _
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1.Wooden rail
2.Stone crown with 2%

inclination +lime based
binder+ In situ fabricated
r.e.
3. Crushed volcanic gravel
filling
4. Gutter for rain water
collection
5. OSB board with water-
proof membrane 2.5cm Li
6. Low fired mud tile cov- i
ering 4cm |
7. Damp-proof membrane '
8. R.E. prefab panels :
9. Cork insulation <l
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Climate analysis
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Climate analysis
Efficient orientation

Less western sun exposure

Advantage of east marning

S
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Climate analysis

Rammed earth high thermal mass
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Climate analysis
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Water bodies for evaporative cooling of the courtyard
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Climate analysis

Cross ventilation
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PV panels for electricity needs and desalination

A3 Presentation
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Climate analysis
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Construction logic and order

7 deconstruction

Material closed loop

6 building use

> s

N
: 1 excavation on the
site

next project harvest material

N

future

adaptation r unit '

5 seamless 2 Fabrication

finishing

S|
reusin& §LI/

formwork %‘/ \ / reusing
o0 formwork
—in

future
adaptation

3 precast block

4 transport &
construction
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Excavation for water system
per cluster

%

1. Underground water system per cluster

8-12 residencies = 40 people

[] []

[]

[ [

local material extraction

%

2. Exqavated material

2.2m

25m3 cicterns
for 5 days

total excavation incl. working space + trenches = 45-60m3

4. Energy and CO2 emission per cluster

CONVENTIONAL (BASELINE)

Portland cement concrete
(= 30 m?)
9-121C0,e

/ \\ Conventional water supply

) (pumped + treated)
High energy demand

TOTAL = High CO, emissions

High embodied energy

PROPOSED SOLUTION

Local stabdized rammed earth
(= 30 m?)
1-3t1C0,e

! Desalination (solar powered)
/ + rain | greywater reuse
Low energy demand

TOTAL = 7-10tCO,e SAVED

Lower embodied energy

%

\ 15-25%
| (7-15m?)

. 10-15% Too fine or not suitable
(5 =10mY) (Used for landscaping
or regrading)
CO, SAVED
PER CLUSTER
=7-10tC0O,e

e () RAMMED EARTH
MATERIAL
Clay + silt + sand
(After sieving and
correction)

--------------- O STONE / AGGREGATE
Coarse gravel, stones
(Fer foundations, drainage,
retaining, landscaping)

M oogln () REJECT / FINES

= 280 - 400
TREES ABSORBING CO,
FOR ONE YEAR

(1 tree = 25 kg CO, [ year)

Architectural Engineering Studio

rammed earth construction

3. Use of materials

RAMMED EARTH WALL
X .;::'-- T Wall thikness: 0.45 m
; f d Wall height: 3.0 m
I Volume per 1 m wall:
3.0m. r | = 0.45x30x1=135m’
=
From 30 m* of usable
& earth — = 22 linear
meters of wall
0.45m -

oo
gyt DS
{Fﬁr ] ?jseddmhr plinths,
T foundations,
O f ining walls
L5y qu"'j:;iﬂ* retaining wa
|r aaty -_fi,{"j:' and drainage
- A, 3
IR, ten
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Exploded axonometric of construction “ingrediedients”
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Conclusions
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Conclusions

water and material climate
regulation > regulation
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Conclusions
water and material climate
regulation > regulation
desalination —> water autonomy
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Conclusions
water and material climate
regulation > regulation
desalination — water autonomy
thermal stabilit
earthen construction > Y

fire resistance
low environmental imact
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water and material
regulation

desalination

earthen construction

architecture
supports resilience

Conclusions

%

climate
regulation

water autonomy

thermal stability
fire resistance
low environmental imact

connection of everyday life
with infrastructure,
construction,
landscape and community

Architectural Engineering Studio
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Reflections
site
three scales design > building
detail

energy saving - environmental
limits of expandability — impact balance changes

relation to food waste of
Almeria’s green houses
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Reflections

How can a place-responsive modular architectural system, grounded in earthen materiality and lay-
ered system design, enhance climate resilience in Mediterranean
coastal settlements facing water scarcity and wildfire risk?

Crete, Greece

Wind + Terrain + Fire

Faro, Portugal o

Humidity and lagoons Drought + Desalination

same modular system

v

WATER + EARTH +
COURTYARD + CLIMATE
COMMUNITY LOGIC
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Material | Construction study
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D.Axo2. Roof hanging the extended

beams of the balcony





